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INTRODUCTION 

If under the given chemical conditions, two equally reactive or potent functional groups 

are present in a compound, it then becomes difficult to make one of them to react 

selectively while the other functional group remaining unaffected.  The use of protecting 

groups thus, comes to the rescue of an organic chemist. Though it may add few extra 

steps to the synthetic procedure but is an effective synthetic tool which allows even such 

functional groups to react which normally remain inaccessible in the presence of other 

reactive functional groups. Protecting groups 
1
 are used in synthesis to momentarily mask 

a particular functional group because it may chemically interact with the other 

constituents of the reaction. A good protecting group should be easy to put as well as 

easy to remove and must show inert behavior to the given reaction conditions. It plays a 

crucial role in almost all the components of synthetic chemistry. 

In organic chemistry, phenols are one of very reactive molecules. They are more acidic as 

compared to alcohols having pKa more than 10. The later have pKa in the range of 16 – 

20. There are a number of molecules, both natural and synthetic those are derivatives of 

phenol. Some of such molecules have been shown in Figure-1.  Therefore, protection of 

phenolic –OH group plays an important part for the synthesis of such molecules. 

Although a number of methodologies are known for the protection of phenols
1
, the work 

presented here attempts to makes use of very convenient conditions for the protection and 

deprotection of phenols. While the protection was done using Sanger’s reagent, 

deprotection required use of aliphatic primary amines. 
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Figure -1 : Commercially available molecules that contain phenols or its derivatives  
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REVIEW OF LITERATURE 

Selective protection and deprotection of functional groups is one of the most important 

approaches in multistep organic synthesis. Main focus of the present work is protection 

and deprotection of the hydroxy group of the phenols. The literature presented here 

summarizes (a) conventional and recent reports on the protection of phenols and (b) 

Smiles rearrangement, the background of the methodology on which our scheme is based.  

(a) Protection of phenols 

Phenols get easily protected in the presence of methyl iodide and no strong bases are 

required. In the following case (Scheme-1), ortho hydroxyl group is more acidic hence 

more reactive.
2
 The starting phenol in the presence of potassium carbonate, methyl iodide 

and acetone was refluxed for about 6 hours.
3
 This group can be removed very efficiently 

using BBr3, a Lewis base. 

                          

CHO

OH

OH

K2CO3, Me I
CHO

OMe

OH

Acetone

Scheme-1: Protection of -OH groups using methyl iodide  

 

 The deprotection approach has been improved (Scheme-2) which allows the use of only 

one equivalent of thiophenol in 1-methyl-2-pyrrolidone (NMP) with a catalytic amount 

(2–5 mol %) of potassium carbonate as a base. The reaction completes in 10-30 mintues.
4
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R

OMe OH

R

PhSH, K2CO3, NMP

1900C

Scheme-2: Deprotection of phenol derivatives by thiophenol  

 Tetrahydropyran (THP) is also an extremely useful and versatile reagent for the 

protection of alcohols and phenols because of its low cost (Scheme-3). This is stable to 

most non acidic reagents and can be easily removed. The tetrahydropyran (THP) group 

could be efficiently removed using 0.1eq. PdCl2(CH3CN)2,a lewis acid catalyst, in 

CH3CN keeping other protecting groups intact.
5
 

           

R-OH
PdCl2(CH3CN)2, DHP,THF, RT

PdCl2(CH3CN)2, CH3CN, Reflux

OOR

Scheme-3 : Protection and deprotection of alcohols using DHP  

A recent improvement is use of aluminium triflate to convert alcohols and phenols to 

corresponding THP or THF ethers in good yield (Scheme-4).The advantage of this 

method is use of same reagent, aluminium triflate, as a deprotecting catalyst in the 

presence of methanol at ambient temperatures.
6 

                    

OH
1mol% Al(OTf)3,CH2Cl2

O

O O

Scheme-4: Protection of phenols by Al(OTf)3  
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t-Butyldimethylsilyl ether (TBDMS or TBS ether) is also one of very widely used 

protecting groups in alcohol chemistry that can be easily cleaved as well (Scheme-5). 

Protection produces product with quantative yields.
7
 

                                  

OH
CHO

OH

OH

OTBDMS

CHOTBDMSCl

CH2Cl2,rt

Scheme-5: Protection of phenols using TBDMS  

TBDMS group after protection can be easily removed by adding potassium fluoride and 

aqueous HBr to the reactants at room temperature in the presence of DMF (Scheme-6) 
8
 

 

              

F

OTBDMS

OTBDMS
F

OH

OHOHC OHC
KF,48%aq HBr

DMF,rt,91%

Scheme-6: Deprotection of -OH group using HBr, KF  

Benzyl chloride is often used as protecting reagents for alcohols and phenols in organic 

synthesis. Protection of benzyl group is normally carried out by treating alcohols with a 

benzyl halide in the presence of base, such as sodium hydride.
9
 The debenzylation 

requires use of Pd over cabon and hydrogen gas to give back alcohol. This methodology 

is widely used in carbohydrate chemistry. 

 

               

R-OH +

Cl
NaH

O-RPd/C, H2

Scheme-7: Protection and deprotection using benzyl chloride  
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Methoxy methyl ether, normally abbreviated as MOM, is also used as a protecting 

group for a number of alcohols. It utilizes chloro alkyl ethers (MOMCl) with catalytic 

amount of potassium carbonate and acetone / DMF as a solvent for the protection of 

phenols. Chloro alkyl ethers have a general formula R-O-(CH2)n-Cl where ether is 

connected to a chloro methyl group via an alkane chain. Product yields are quantative in 

the protection step.  This protection is used quite frequently but in some cases selectivity 

is based on effect of the neighboring groups. For example, in the following Scheme-8 

activity of the one of hydroxyls is reduced due to hydrogen bonding with neighboring 

carbonyl and results in the protection of other –OH group.
10,11 

             

O

O OH

OH O

O OH

OMOM

MOMCl,K2CO3

DMF

Scheme 8: Protection of phenols with MOMCl  

The cleavage of MOM- ether is a simple task. The method described in Scheme -9 

selectively cleaves phenolic MOM group only in the presence of triflouroacetic acid 

along with dichloromethane in refluxing conditions to give high yields.
12 

           

CO2Me

OMOM

CO2Me

MOMO HO

OMOM

CF3CO2H,CH2Cl2

00C,3h,90%

Scheme-9:Deprotection of phenols using trifluroacetic acid  

Organic carbonates are very important compounds from pharmacological and chemical 

point of view.
13

 A lot of functional groups are known to be used for the protection of a 

primary hydroxy group in presence of a secondary hydroxy group.
14

 Due to steric 

crowding, introduction and removal of protecting groups on hindered phenols is difficult 

and requires drastic conditions.
 15 

Tert-Butoxycarbonyl (Boc) offers advantage of 

https://en.wikipedia.org/wiki/Protecting_group
https://en.wikipedia.org/wiki/Protecting_group
https://en.wikipedia.org/wiki/Alcohol
https://en.wikipedia.org/wiki/Ether
https://en.wikipedia.org/wiki/Organohalide
https://en.wikipedia.org/wiki/Alkane
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protecting even hindered groups due to high acidity and reactivity of phenols.
16

  Scheme 

–10 below shows that hindered phenol, as illustrated below, react quickly only in a slight 

excess of Boc2O to afford complete conversion.
17 

         

HO

BoC(1.2eq)

hexane,DMAP(0.05 eq) O

O

O

Scheme-10: Protection of -OH using BoC  

The cleavage in this case is simple where refluxing Boc protected compound in the 

presence of 3M HCl in dioxane affords the phenol. 

Sulfamates present another class of protecting groups that are used at the end of a 

multistep organic synthesis for the protection of phenols due to their labiality under basic 

conditions. Alcohols and phenols can be conveniently converted into the corresponding 

sulfamates (ROSO2NH2and ArOSO2NH2, respectively) by the direct reaction with 

sulfamoyl chloride (H2NSO2Cl) which in turn is prepared from chlorosulfonyl isocyanate 

and formic acid.
18

  Scheme-11 below shows a recent approach to protect hydroxyl in 3-

bromophenol  into corresponding sulfamate.
19 

                   

OH

Br Br

O
S

O

H2N O

H2NSO2Cl,toluene

00C,rt,24h,87%

Scheme-11: Protection of -OH group by sulfamoyl chloride  

Silylation of phenols/alcohols is a frequently used protection method in multistep 

synthesis due to its enhanced stability under a variety of conditions and the ease of 

removal. The removal of silyl group is generally activated by use of acid/ base induced 

hydrolysis. It gives only siloxane as a by-product.  Recently (Scheme- 12), silylation of 

phenols/alcohols under solvent and solvent free conditions with conventional or 
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microwave irradiation has been respectively achieved in the presence of poly (N-

bromobenzene-1,3-disulfonamide), PBBS, and N,N,N’,N’-tetrabromobenzene-1,3-

disulfonamide (TBBDA) with Hexamethyldisilazane (HMDS).
20

 The later is a stable, 

cheap, and commercially available compound. Trimethylsilyl ethers are synthesised from 

hydroxy orthio compounds with it. 

                  

R-OH
PBBS,HMDS,TBBDA

solvent free cond.,/MW/CH2Cl2
R-OSiMe3

Scheme-12: Protection of alcohals using PBBS,HMDS  

In fact, there are many more protecting groups like formacetal derivatives (ROCH2O-) 
 

perfluoroaryl derivatives 
21

, allyl bromide and acetylimidazole
 22

 for the protection or 

selective protection of phenols. The work presented ahead uses very simple conditions 

and commercially available cheap reagents to carryout protection of phenols. 

(b) Smiles Rearrangement 

Smiles rearrangement is one of very useful methods for C-N bond formation to prepare 

N-aryl amines. The rearrangement has seen widespread use in organic chemistry.
23

  

Traditional, Smiles rearrangement requires the activation by the substituent in the 

migrating aryl unit as ortho or para-nitro groups. Scheme -13 below shows a general 

reaction pathway for the formation of a Smiles rearrangement product. Such 

rearrangement is known to take place photochemically as well.
24 

 

R

X

Y

Y

X

R

where  Y = -O,- S, -NR and  X is usually -S, -SO, -SO2, O or -COO and L is Linking unit.

L L

Scheme-13
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The reaction proceeds by intramolecular nucleophilic aromatic substitution reaction as 

detailed in Scheme-14. 

 

O

NH2

O

N
H

O

H
N

Scheme-14

 

A number of applications of this rearrangement have been developed in recent years. 

Tian and co-workers have develop a methodology for the synthesis of diphenyl amines 

using Smiles rearrangement using phenols and phenylamines in the presence of 

chloroacetyl chloride. Scheme-15 below demonstrates the proposed mechanism of the 

reaction.
25 

  

Cl
O

Cl NH

O

O

R1

R2

NH

O

O

R2

R1

NH

O

O

R2 R2

N
H

R2 R1

Scheme-15: Proposed mechanism for the formation of diarylamines via Smiles rearrangement

 

It has also been used for pharmaceutically important heterocyclic motifs like for the 

synthesis of 5-amino-substituted [1]benzothieno[2,3-b]pyridine (Scheme – 16) units by 

C. Bonini et. al.
26

  

https://en.wikipedia.org/wiki/Intramolecular
https://en.wikipedia.org/wiki/Nucleophilic_aromatic_substitution
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S

OH
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Dioxane, NaH

100 C

S

O

H2N Me

O
Me

DMF/DMPU

NaH, 100 C
S

NH
HO

Me

Me
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S

NH2

HCl, 6M
100 C

91%

Scheme 16

 

In late fifties W. E. Truce developed a similar protocol where the nucleophile instead of 

being a heteroatom was shown to be a carbanion to give substituted aromatic sulfinic 

acids. This methodology is now known as Truce–Smiles rearrangement and is now well 

established
.27

 It uses a strong base to deprotonate a methyl group that behaves similar to 

nucleophilic hetroatom as in conventional Smiles rearrangement. Scheme-17 below 

demonstrates the mechanism of such a reaction. 

 

SO2 SO2

H2CLi

SO2Li SO2H

98%

n-BuLi H

Scheme 17

  

Present work makes use of a similar methodology to deprotect a phenol that is  initially 

protected by 2,4-dinitrofluoro benzene to afford a diphenyl ether. The use of primary 

amine cleaves the diphenyl ether to give back phenol.       
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MATERIALS AND METHODS 

All the reagents and solvents except amines were purchased from S.D Fine Chemicals, 

Mumbai. The amines used were procured from Aldrich. Petroleum ether and ethyl acetate 

and silica gel (60-120 mesh) were used in column chromatography for purification of 

diphenyl ethers. TLC analysis was done on glass plates which were coated by slurry 

made from silica in petroleum ether. 
1
H NMR was done using CDCl3 as solvent and 

tetramethyl silane (TMS) was used as an internal standard 

Experimental Section  

General procedure for the synthesis of diphenyl ethers: (For compounds A, 2a, 3a) 

1-Flouro-2,4 dinitrobenzene (2.98mmol) and phenol (2.99mmol) were taken in a 100 ml 

round bottom flask and K2CO3 (2.99mmol) added. To this mixture was added DMF 

(10ml) and catalytic amount of 18-crown-6 and stirred for about 10 hrs at room 

temperature. TLC was done to monitor the progress of the reaction using petroleum ether 

and ethyl acetate in 70:30 ratio as a solvent. After completion of the reaction aqueous 

NaOH (0.1M) was added and the solid obtained was filtered. It was neutralized with 2% 

HCl followed by washing with water (4-5 times) to remove excess of solvent and pH was 

checked to 7 using pH paper. The crude product was dried using vacuum pump.  All the 

diphenyl ethers were purified using column chromatography using pet ether and ethyl 

acetate in gradient increase in polarity. 

4-(2,4-Ditrohenoxy)-3-methoxybenzaldehyde (1a) : 
1
H NMR (400MHz, CDCl3): δ 

3.8(s, 3H), 6.9 (d, J= 9.2 Hz, 1H), 7.26(s, 1H), 7.38(d, J=8.72 Hz, 1H), 8.31(d, J=6.4 Hz, 

1H), 10.0(s, 1H).    

4-Allyl-1-(2,4-dinitrophenoxy)-2-methoxybenzene (2a) : 
1
H NMR(400MHz, CDCl3): δ 

3.4(d, 2H), 3.74(s, 3H), 5.15(d,2H), 6(m, 1H), 6.87(d, 3H), 7.1(d, 1H), 8.26(d, 1H), 

8.87(s, 1H). 

3-(2,4-Dinitrophenoxy)phenol (3a) : 
1
H NMR (400 MHz, CDCl3): δ 5.0 (brs, 1H), 6.6 

(t, J = 2.3 Hz, 1H), 6.7 (dd, J = 10.5,2.7Hz, 1H), 6.8 (dd, J = 10.5,2.3Hz, 1H), 7.1 (d, J = 

9.2Hz, 1H), 7.3 (t, J = 8.2 Hz, 1H), 8.3 (dd, J= 11.9, 2.7Hz, 1H), 8.8 (d, J=2.8 Hz, 1H). 
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Synthesis of 4-(2,4-Dintrophenoxy)-3-methoxybenzyl alcohol (1a) 

Compound (A) (0.5g, 1.5mmol) was taken in 250 ml round bottom flask. To this was 

added sodium borohydride (0.028g, 0.75mmol) slowly and methanol (150 ml) was added. 

The reaction mixture was stirred for about 2-3 hrs at room temperature and TLC 

monitoring done. A new spot appeared which indicated that product had formed. 

Methanol was evaporated using rotary evaporator. Crude product obtained was purified 

by column chromatography using petroleum ether and ethyl acetate as solvents. Yellow 

colored solid was analyzed by 
1
H NMR (400MHz, CDCl3): δ 3.78(s, 3H), 4.75(s, 2H), 

6.87(d, J=9.6 Hz, 1H),7.11(d, 1H), 7.17(d, J=8.2 Hz, 1H), 8.25(d, J=2.8, 1H), 8.28(s, 

1H), 8.8(d, J=2.8, 1H). 

Synthesis of 3-methoxy-4-(2-nitrophenoxy)benzaldehyde (4a) : 1-Flouro-2-

nitrobenzene (2.98mmol) and vanillin (2.99mmol) were taken in a 100 ml round bottom 

flask and K2CO3 (2.99mmol) added. To this mixture was added DMF (10ml) and 

catalytic amount of 18-crown-6 and stirred for about 10 hrs at room temperature. TLC 

was done to monitor the progress of the reaction using petroleum ether and ethyl acetate 

in 70:30 ratio as a solvent. After completion of the reaction it was taken in 

dichloromethane (25 ml) and washed with aqueous NaOH (0.1M 3X 20 ml) and 

neutralized with water (3 x 25 ML). Finally dichloromethane was evaporated and the 

crude product obtained was purified using column chromatography using using pet ether 

and ethyl acetate in gradient increase in polarity. The purified product was analyzed using 

1H NMR (400MHz, CDCl3): δ 3.91(s, 3H), 7.0(d, 1H), 7.05(d, 1H), 7.3(t, 1H), 7.46(d, 

1H), 7.5(t, 1H), 8.0(d, 1H), 9.9(s, 1H). 

General Procedure for the deprotection of Phenols: Compound (1a - 4a) (0.6mmol) 

was taken in 100 ml round bottom flask and methanol (10ml) along with octylamine 

(0.103 ml) was added. The reaction mixture was refluxed for about 2 hrs and TLC 

analysis was done to monitor the reaction. After 2 hrs methanol was completely 

evaporated using rotary evaporator and the crude product was analyzed using 1H NMR 

using CDCl3 as solvent. Percentage conversion was done using formula as given as 

equation-1 (Result and Discussion). 
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RESULTS AND DISCUSSION 

Phenol is one of very reactive groups in organic chemistry due to its high acidity. This 

reactivity interferes while carrying out reactions of the motif containing phenols. 

Therefore protection followed by deprotection of phenols becomes important. A number 

of methods for this are known and some of them have been discussed above. Here a 

convenient procedure for protection and deprotection of phenols has been described.  

The protection of different phenols has been done using 2,4-dinitro fluorobenzene to give 

diphenyl ether that gets conveniently deprotected by heating it with primary amine , octyl 

amine in our case, in methanol (Scheme –A).  

NO2

O2N

F
+

HO

R
O

NO2

O2N

R

H
N

R

NO
2

O2N

+
HO

R
Protection Deprotection

A B

Scheme- A

Here, both protection and deprotection steps proceed by nucleophilic aromatic 

substitution. While in the former case phenol acts as a nucleophile to give diphenyl ether, 

in the later case primary amine acts as a nucleophile. Scheme –B below describes the 

mechanism of deprotection which is very similar to Smiles rearrangement discussed 

above. While Smiles rearrangement is an intramolecular reaction, where the heteroatom 

acts as a nucleophile to attack electron deficient aromatic ring (Scheme – 14) in our case 

it’s an intermolecular nucleophilic attack by primary amine on electron deficient aromatic 

ring. 

NO2

O2N

O
+ H2N R

NO2

O2N

O

NH-R

NO2

O2N

NH-R
O

+

Scheme - B

R

R

R

In the present work, five different phenols (Compound 1, 2, 3 and 4, Table-1) were 

protected using 2,4-dinitrofluorobenzene to get corresponding diphenyl ethers via 
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nucleophilic aromatic substitution reaction. The reaction was done in a protic solvent, 

DMF and mild base, K2CO3, and catalytic amount of 18-Crown-6. All the compounds 

were characterized by 
1
H and 

13
C NMR techniques. 

NO2

O2N

F

+

HO

R1

R2

R3

K2CO3, 18-Crown-6

           DMF

O

NO2

O2N

R1

R2

R3

1- 4 1a - 4a  

S. No. 
Compound 

No. 
R1 R2 R3 

Product 

No 

Reference 

Figure 

1. 1 OCH3 H CH2OH 1a* Figure-1a 

2. 2 OCH3 H CH2CH=CH2 2a Figure-2a 

3. 3 H OH H 3a Figure-3a 

4. 4** OCH3 H CHO 4a
 

Figure-4a 

* Compound 1a was synthesized from corresponding aldehyde . The aldehyde was reduced using NaBH4 in MeOH. 

** In case of compound 4 only 2-nitofluorobenzene was used and hence corresponding product was obtained. 

 

Each of the product obtained in above Table -1 (Compounds 1a, 2a, 3a, 4a) was refluxed 

with one equivalent of octyl amine in presence of the solvent for one hour. TLC 

monitoring was done with compound 5 (Figure-2), used as a standard, to access the 

completion of the reaction. Generally the reaction was complete in an hour. Percentage 

conversion to corresponding phenol was done by 
1
H NMR using the formula given by 

Equation-1. 

Conversion (%) = 100 x I Peak X / I Peak X + I Peak Y           (Equation -1) 

Where IPeak X  and  IPeak Y are the integrations due to proton X and proton Y in the reaction 

mixture of the compound as shown in Figure - 2 below. The method of using 
1
H NMR is 

a well established method and routinely used for the percentage conversion of biodiesel 

from oil
28

.  
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NO2

O2N

H
N

7
O

NO2

O2N

R1-3

+
X

Y

Figure-2

Compound-5

 

Compund-5 was used as marker to estimate the deprotection of the phenol. This is 

because phenyl octyl amine, Compound -5, will be obtained as the side product on lines 

similar to Smiles rearrangement as per proposed mechanism shown in Scheme - B. 

Table-2 below summarizes the results of percentage conversion for deprotection of 

phenols. 

Table-2 

S.NO. Product No. 
Percentage 

Conversion 
Reference Figure 

1. 1a
 

75.59 Figure-3 

2. 2a 83.18 Figure-4 

3. 3a 100.00 Figure-5 

 

Interestingly, it has been observed that compound 4a
**

 (Table-1) did not undergo 

deprotection of phenols. This compound unlike other compounds in Table-1 has only one 

nitro group at the ortho position and therefore undergoes Schiff’s base formation.  NMR 

in Figure – 6 shows a peak at 8.3 ppm due to Schiff’s base as a result of reaction with its 

aldehyde.  Our earlier results have shown that in the presence of two nitro groups and 

aldehyde the deprotection is a preferred reaction.
29

 Thus it is evident that only 2, 4-dinitro 

group can act as a protecting group. 

In conclusion, we have attempted to show that 2, 4-dinitro fluorobenzene can be 

conveniently used as a protecting group for phenols that can be conveniently deprotected 

using octyl amine in methanol. 
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Figure 1A: Synthesis of compound A (H
1
-NMR) 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1a: Synthesis of compound 1a 
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Figure 3: Deprotection of compound 1a using Octyl Amine (H
1
-NMR) 

 

 

 

 

 

 

 

 

 

 

Figure 2a: Synthesis of Compound 2a (H
1
-NMR) 

%Conversion=7.99/(7.99+2.58) X 100 

= 75.59% 
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%Conversion = 0.94/(0.94+0.19) X 100 = 83.18% 
 

 

 

 

 

 

 

 

 

 

                      Figure 4: Deprotection of compound 2a Using Octyl Amine (H
1
-NMR) 

 

 

 

 

 

 

 

 

 

 

 

Figure 3a: Synthesis of Compound 3a (H
1
-NMR) 
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Figure 5: Deprotection of compound 3 Using Octyl Amine (H
1
-NMR) 

                      

 

Figure 4a: Synthesis of Compound 4a 
 

% Conversion= 12.69/(12.69+0) x 100= 100.6% 
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Figure 6:  Schiff Base Formation of Compound 4a with Octyl Amine (H
1
-NMR) 

 

 

 

 

 

 

 

 

 

 

 



26 

 

REFERENCES 

1. Wuts, P. G.; Greene, T. W., Greene's protective groups in organic synthesis, 4
th 

edition, 

John Wiley & Sons: 2006. 

2. Boger, D. L.; Hong, J.; Hikota, M.; Ishida, M.,  Journal of the American Chemical 

Society, 1999, 121, 2471-2477. 

3. Clive, D. L.; Cantin, M.; Khodabocus, A.; Kong, X.; Tao, Y.,  Tetrahedron, 1993, 49, 

7917-7930. 

4. Nayak, M. K.; Chakraborti, A. K., Tetrahedron letters, 1997, 38, 8749-8752. 

5. Wang, Y.G.; Wu, X.X.; Jiang, Z.Y., Tetrahedron letters, 2004, 45, 2973-2976. 

6. Williams, D. B. G.; Simelane, S. B.; Lawton, M.; Kinfe, H. H., Tetrahedron, 2010, 66, 

4573-4576. 

7. Hanessian, S.; Reddy, G. V.; Huynh, H. K.; Pan, J.; Pedatella, S.; Ernst, B.; Kolb, H. C.,  

Bioorganic & Medicinal Chemistry Letters, 1997, 7 (21), 2729-2734. 

8. Schmittling, E. A.; Sawyer, J. S., Tetrahedron letters, 1991, 32, 7207-7210. 

9. Kuhn, R.; Löw, I.; Trischmann, H.,  Chemische Berichte 1957, 90, 203-218. 

10. Hepworth, J. D.; Heron, B. M., Six-Membered Ring Systems, 1993, 264. 

11. Scopton, A.; Kelly, T. R.,  Organic letters, 2004, 6, 3869-3871. 

12. Kitamura, M.; Ohmori, K.; Kawase, T.; Suzuki, K.,  Angewandte Chemie International 

Edition, 1999, 38, 1229-1232. 

13. Schechter, A.; Goldrich, D.; Chapman, J. R.; Uberheide, B. M.; Lim, D.,  Synthetic 

Communications, 2015, 45, 643-650. 

14. Sefkow, M.; Kaatz, H.,  Tetrahedron letters, 1999, 40, 6561-6562. 

15. Friedman, S.; Kaufman, M. L.; Wender, I., The Journal of Organic Chemistry, 1962, 27, 

664-666. 

16. Houlihan, F.; Bouchard, F.; Frechet, J.; Willson, C.,  Canadian journal of chemistry, 

1985, 63, 153-162. 

17. Hansen, M. M.; Riggs, J. R.,  Tetrahedron letters, 1998, 39, 2705-2706. 

18. Appel, R.; Berger, G.,  Chemische Berichte, 1958, 91, 1339-1341. 

19. Reuillon, T.; Bertoli, A.; Griffin, R. J.; Miller, D. C.; Golding, B. T.,  Organic & 

biomolecular chemistry, 2012, 10, 7610-7617. 



27 

 

20. Ghorbani-Vaghei, R.; Zolfigol, M. A.; Chegeny, M.; Veisi, H.,  Tetrahedron letters, 

2006, 47, 4505-4508. 

21. Jarman, M.; McCague, R.,  Journal of the Chemical Society,  1984,  (2), 125-127. 

22. Cheraiet, Z.; Hessainia, S.; Ouarna, S.; Berredjem, M.; Aouf, N. E.,  Green Chemistry 

Letters and Reviews, 2013, 6, 211-216. 

23. Snape, T. J.,  Chemical Society Reviews, 2008, 37, 2452-2458. 

24. Wubbels, G. G.; Ota, N.; Crosier, M. L.,  Organic letters, 2005, 7, 4741-4744. 

25. Tian, X.; Wu, R. M.; Liu, G.; Li, Z. B.; Wei, H. L.; Yang, H.; Shin, D. S.; Wang, L. Y.; 

Zuo, H.,  Arkivoc, 2011, 2011 (10). 

26. Bonini, C.; Funicello, M.; Scialpi, R.; Spagnolo, P.,  Tetrahedron, 2003, 59, 7515-7520. 

27. Truce, W. E.; Klingler, T. C.; Brand, W. W.,  In Organic Chemistry of Sulfur, Springer: 

1977; pp 527-602. 

28. Ghesti, G. F.; Macedo, J. L. D.; Resck, I. S.; Dias, J. A.; Dias, S. C. L., Energy & Fuels, 

2007, 21(5), 2475-2480. 

29. Archana, Cleavage of 4-(2,4-dinitrophenoxy)-3-methoxybenzaldehyde with amines, M.Sc 

Thesis, Thapar University, 2014. 

 

 

 


